In this study, hook measurements of protoscoleces from sheep and macropods were used to establish criteria to type adult worms ofE. granulosus from feral dogs, dingoes, and foxes, in order to identify the most likely source of infection of these naturally infected definitive hosts.
Echinococcus granulosus is maintained in 2 cycles of transmission on the Australian mainland (Thompson and Kumaratilake, 1982). One cycle principally involves domestic sheep as the major intermediate host, whereas the other involves numerous species of macropod marsupials (kangaroos and wallabies) as intermediate hosts. The potential for interaction between these cycles via a variety of carnivorous definitive hosts, including domestic dogs, feral dogs, dingoes (Canisfamiliaris dingo), and red foxes (Vulpes vulpes
Hobbs et al. (1990) found that protoscoleces from sheep and macropods (and other intermediate hosts) differed markedly in both the number and size of hooks and that these differences were due to the influence of the host. In addition, the larval hook outline was found to remain visible within the adult hook, and larval hook characters remain largely unchanged by passage through different definitive hosts (Hobbs et al., 1990). Taken together, these findings suggest that the hook characters of adult worms from naturally infected definitive hosts could be used to determine the intermediate host from which infection was acquired.
In this study, hook measurements of protoscoleces from sheep and macropods were used to establish criteria to type adult worms ofE. granulosus from feral dogs, dingoes, and foxes, in order to identify the most likely source of infection of these naturally infected definitive hosts.
MATERIALS AND METHODS
Dogs, dingoes, and/or foxes were trapped in 7 sites in the state of New South Wales (NSW) in southeastern Australia (Fig. 1) . The elevation of the collection sites ranges from 500 to 1,000 m above sea level with peaks up to 1,400 m in some areas. Much of each site consists of native hardwood forest interspersed with plantations of pine trees. The forested areas are crossed by numerous bush tracks. All the sites are covered by snow for part of the winter and are popular for recreational pig hunting with packs of trained dogs. Sheep raising country is either within or adjacent to each collection site except for the area within Kosciusko National Park (Fig. 1) To establish a typing criterion, a line was drawn between the mean values of the sheep and macropod hooks. Two lines were drawn perpendicular to the axis of this line, line A such that 90% of sheep protoscoleces were above the line, and line B such that 90% of the macropod protoscoleces were below the line (Fig. 2) .
Protoscoleces of pig origin (from only 2 hydatid cysts) had more hooks than those from sheep and larger hooks than those from macropods, but they were not as distinct as the other 2 groupings.
For the next phase of the present study in which adult worms from dingoes, feral dogs, and foxes were examined, we used the lines shown in Fig In all, 271 worms were examined from 69 definitive hosts (60 feral dogs or dingoes and 9 foxes). Fourteen percent of all worms were typed morphologically as of sheep origin, 61.3% were of macropod origin, and 24.8% were indeterminate. The number of worms of each type is shown by collection site in Table I . The sites with fewer worms of sheep origin were Kosciusko National Park and the adjacent Brindabella, whereas in Taralga and Braidwood more than 50% of the worms were of sheep origin (Table I) . Table II shows the type of worms found in 
DISCUSSION
The measurement of larval hook characters in adult worms offers a useful tool for determining both the route of transmission of E. granulosus and the role of feral carnivores in stock losses. Simply by collecting worms from any carnivore it may be possible to deduce which intermediate hosts it has eaten, not just at its last meal but over a period of many months.
Two assumptions are made in using this technique. First, that the intermediate host confers consistent and distinguishable changes in larval hook characters and, secondly, that these changes are visible in the adult worms. The second assumption appears justified. Hobbs et al. (1990) found that larval hooks are embedded within adult hooks and remain largely unchanged after experimental passage through dogs, dingoes, and foxes. This study extends these results from experimental infections to field data.
The first assumption is only partly valid because we found some overlap of measurements of hook number and size of protoscoleces from macropods and sheep, although 90% of each group was typed correctly using the criteria. Hobbs et al. (1990) collected protoscoleces from throughout Australia and noted significant dif-ferences due to macropod species in different geographic areas. This study has used only "local" samples and thus shows less overall variation in hook characters than the previous study.
Electrophoretic analysis (Lymbery et al., 1990) showed no significant genetic difference between protoscoleces from different hosts, indicating that the morphological differences were host induced. However, when larval hook characters were measured in adult worms, 25% of worms were neither clearly of sheep origin nor of macropod origin in their characters. These indeterminate worms may originate from other intermediate hosts (for example in Fig. 2 many of The dual infection rate of 27% (Table II) 
